Rational attachment of synthetic triptycene orthoquinone onto carbon nanotubes for electrocatalysis and sensitive detection of thiols.
This study demonstrates a novel electrochemical method for sensitive determination of biological thiols including homocysteine, cysteine, and glutathione based on rational functionalization of single-walled carbon nanotubes (SWNTs) with synthetic triptycene orthoquinone (TOQ). Unlike previous strategies used for the functionalization of the carbon nanotubes to fabricate new kind of electrochemically functional nanostructures, the method demonstrated here is essentially based on understanding of the redox properties inherent in the SWNTs themselves. It is demonstrated that the electrochemical oxidation of the thiols at the SWNT-modified electrode is redox-mediated by the quinone-like functional groups at the tube ends and that the low density of such functional groups leads to a follow-up oxidation of the thiols at a more positive potential at the electrode. To mimic the redox properties of the SWNTs and thus to increase the catalytic sites onto the SWNTs, we rationally choose the synthetic TOQ and attach such a compound onto the SWNTs. As a result, it is found that the rational attachment of TOQ onto the SWNTs substantially results in a sufficient electrocatalysis toward the thiols at a low potential of 0.0 V with enhanced sensitivities (i.e., almost by a factor of 10-fold) for the determination of such kind of species in relative to those at the SWNT-modified electrode. The high sensitivity and the good stability as well as the high reproducibility of the TOQ/SWNT-modified electrodes substantially make them very useful for reliable and durable determination of the biological thiols.